
 
 

WATERSHED MANAGEMENT PLAN 
BLUE HILLS POND 
MILTON, MA 
 
OCTOBER 2006 
 

 
 

Prepared For: 

 
Massachusetts Department of Conservation and Recreation 

251 Causeway Street, Suite 600 
Boston, MA 02114-2119 

 
Prepared By: 

 
Baystate Environmental Consultants, Inc. 

296 North Main Street 
East Longmeadow, MA 01028 



Blue Hills Pond Watershed Management Plan i 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

Table of Contents 
 
1 Introduction................................................................................................................. 1 
2 Existing Conditions/Field Review .............................................................................. 2 

2.1 Pond and Intermittent Stream ............................................................................. 2 
2.1.1 Pond and Intermittent Stream Description.................................................. 2 
2.1.2 Wetland Resource Areas and Habitat ......................................................... 8 

2.2 Watershed ......................................................................................................... 14 
2.2.1 Watershed Description.............................................................................. 14 
2.2.2 Watershed Activities Review.................................................................... 18 

2.3 Problem Areas/Issues Observed ....................................................................... 18 
2.3.1 Pond Sedimentation .................................................................................. 18 
2.3.2 Invasive Species........................................................................................ 21 
2.3.3 Habitat/Tank Cleaning and Flushing ........................................................ 21 
2.3.4 Parking Lot Drainage................................................................................ 21 
2.3.5 Obstructed Cross Culvert at Northern Parking Lot Trailhead .................. 22 
2.3.6 Stream Section Immediately Downstream of Blue Hills Pond................. 22 
2.3.7 Trail Erosion ............................................................................................. 22 

3 Data Collection and Analysis.................................................................................... 26 
3.1 Pond Bathymetry .............................................................................................. 26 

3.1.1 Methodology............................................................................................. 26 
3.1.2 Water and Sediment Depths...................................................................... 26 
3.1.3 Water and Sediment Volumes .................................................................. 26 

3.2 Water and Sediment Sampling.......................................................................... 36 
3.2.1 Protocol/Methodology .............................................................................. 36 
3.2.2 Results of Water/Sediment Quality Sampling .......................................... 38 

4 Flow and Loading Estimates..................................................................................... 43 
4.1 Flow Estimates.................................................................................................. 43 

4.1.1 Natural Watershed .................................................................................... 43 
4.1.2 Watershed Activity Related Inflows......................................................... 43 

4.2 Sediment and Nutrient Loading Estimates ....................................................... 44 
5 Recommended Pond and Watershed Management Plan and Cost Estimates........... 47 

5.1 Proposed Improvements and/or Management Techniques ............................... 47 
5.1.1 Partial Dredging of Blue Hills Pond ......................................................... 47 
5.1.2 Emergent Aquatic Vegetation Planting Area............................................ 48 
5.1.3 Management of Invasive Species.............................................................. 49 
5.1.4 Discharges from Live Animal Exhibits .................................................... 49 
5.1.5 Parking Lot Drainage Improvements........................................................ 52 
5.1.6 Cross Culvert Replacement with Pedestrian Bridge................................. 52 
5.1.7 Stream Section Downstream of Blue Hills Pond...................................... 53 
5.1.8 Trail Erosion ............................................................................................. 53 

5.2 Construction Cost Estimates ............................................................................. 54 
6 References................................................................................................................. 55 
 
Appendix A – Water and Sediment Sample Analytical Data 
Appendix B – Watershed Loading Calculations 



Blue Hills Pond Watershed Management Plan ii 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

 
List of Figures Page 
Figure 1.  Locus Map. 3 
Figure 2.  Aerial Photo of Blue Hills Pond and Vicinity. 7 
Figure 3.  NHESP Map. 13 
Figure 4.  Estimated Watershed Map. 15 
Figure 5.  Existing Conditions and Problem Areas – Blue Hills Pond. 19 
Figure 6.  Existing Conditions and Problem Areas – Sedimentation Basin Area. 20 
Figure 7.  Top of Soft Sediment Bathymetry – Blue Hills Pond. 27 
Figure 8.  Top of Soft Sediment Bathymetry – Sedimentation Basin Area. 28 
Figure 9.  Hard Bottom Bathymetry – Blue Hills Pond. 29 
Figure 10.  Hard Bottom Bathymetry – Sedimentation Basin Area. 30 
Figure 11.  Cross Sections – Blue Hills Pond.   31 
Figure 12.  Cross Sections – Blue Hills Pond.   32 
Figure 13.  Cross Sections – Blue Hills Pond.   33 
Figure 14.  Cross Sections – Blue Hills Pond.   34 
Figure 15.  Cross Sections – Sedimentation Basin Area.   35 
Figure 16.  Proposed Herbaceous Plantings. 50 
Figure 17.  Conceptual Herbaceous Planting Berm. 51 
  

 
 
 
List of Tables Page 
Table 1.  Water Quality Sampling Results. 38 
Table 2.  Phytoplankton Analysis. 39 
Table 3.  Sediment Sampling Results – Physical Parameters. 40 
Table 4.  Sediment Sampling Results – Total Metals. 41 
Table 5.  Sediment Sampling Results – Extractable Petroleum Hydrocarbons (EPH). 42 
Table 6.  Land Use Based Pollutant Loading Estimates.   45 
Table 7. Typical Plantings of Emergent Aquatic Plants on Submerged Berm. 48 
Table 8.  Proposed Improvements and Estimated Cost Ranges. 54 
  
  
  

 



Blue Hills Pond Watershed Management Plan iii 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

 
 
 
List of Photos Page 
Photo 1.  Basking sites (exposed stumps) at southern end of Blue Hills Pond. 4 
Photo 2.  Facing north, view of the walking path along east side of Blue Hills Pond. 4 
Photo 3.  View east from organic sediment in pond toward inlet stream and granular sediment delta.  5 
Photo 4.  View from southeast corner of pond, looking northwest at sedimentation in pond.   5 
Photo 5.  View facing upstream of inlet stream and twin box culvert east of pond. 6 
Photo 6.  Steeply sloped topography and streambed in contributing watershed. 6 
Photo 7.  View of eroded area on downstream channel, facing north toward trailhead. 11 
Photo 8.  Detail of obstructed culvert with sedimentation and erosion. 11 
Photo 9.  Outlet channel downstream of pond, near restroom structure. 12 
Photo 10.  Sediment trapping area downstream of pond.   12 
Photo 11.  Live animal exhibits just east of Blue Hills Pond. 16 
Photo 12.  View looking west toward Trailside Museum and otter and turtle pools,  
                  south of the pond.   

16 

Photo 13.  View of inlet stream near Trailside Museum. 17 
Photo 14.  View of steep areas, with some erosion within the upper reaches of the watershed. 17 
Photo 15.  Discharge into pond from piped connection to otter pool, during tank cleaning operations. 23 
Photo 16.  MassAudubon staff member pressure washing otter pool walls with clean water.   23 
Photo 17.  Stormwater runoff from northeastern corner of north parking lot. 24 
Photo 18.  Eroded flowpath from northern parking lot runoff, adjacent to basin area. 24 
Photo 19.  Granite curbstone placed along stream channel downstream of Blue Hills Pond. 25 
Photo 20.  Eroded/undercut bank along stream along parking lot, downstream of Blue Hills Pond.   25 

 
 



Blue Hills Pond Watershed Management Plan 1 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

1 Introduction 
Baystate Environmental Consultants, Inc. was contracted by the Massachusetts 
Department of Conservation and Recreation (DCR) to conduct a watershed study for the 
area contributing to Blue Hills Pond, located in the Blue Hills Reservation.  The 
watershed to the pond includes hiking and recreation areas, the Blue Hills Trailside 
Museum/Interpretive Center, and small native animal exhibits.  The reservation as a 
whole offers skiing, hiking trails, biking trails, horseback riding, golf, fishing, boating, 
and educational programs.   
 
According to the Solicitation for Bids issued by DCR for the project, contributions from 
watershed activities and natural sources within the watershed have caused sedimentation 
in the pond.  The agencies involved would like to restore the pond, allowing for 
continued functioning of the open water habitat.  The pond serves important aesthetic, 
educational, and recreational functions for the reservation.  Sedimentation threatens the 
continuation of these purposes and needs to be addressed.   
 
The purpose of this project is to develop a management plan for the watershed that will 
prevent or significantly reduce further degradation of the pond and downstream habitat, 
while also providing an educational component.  The ultimate goal of the project is to 
restore the pond, reduce further erosion above and below the pond to the maximum 
extent possible, and to provide educational components to the public.   
 
Tasks completed for the project included: 
 

• Field review of the pond and its surrounding watershed; 
• Approximate bathymetric mapping and estimates of sediment in the pond; 
• Review of watershed activities and maintenance practices; 
• Water and sediment quality sampling and analysis; 
• Development of a Watershed Management Plan; and 
• Coordination with MA DCR and MassAudubon staff.   

 
The following report and Watershed Management Plan were prepared to provide a 
description and analysis of existing conditions in the pond and its surrounding watershed 
and to recommend action items that MA DCR and MassAudubon can pursue to improve 
site conditions and ensure the continuance of a valuable educational and aesthetic 
resource at the reservation.   
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2 Existing Conditions/Field Review 

2.1 Pond and Intermittent Stream 

2.1.1 Pond and Intermittent Stream Description 
Blue Hills Pond is a manmade pond located just to the north of the Blue Hills Trailside 
Museum in the Blue Hills Reservation along Route 138 in Milton, Massachusetts, as 
shown in the Locus Map (Figure 1).  The pond and its watershed are situated on land 
owned by the Massachusetts Department of Conservation and Recreation (MA DCR) and 
managed by the Massachusetts Audubon Society (Mass Audubon).  The United States 
Department of Agriculture (USDA) permits the operation of the live animal exhibits on 
the reservation.   
 
The pond, which was constructed in 1960, is approximately 0.45 acres in size, and was 
constructed with an asphalt bottom to ensure retainage of water to maintain a pool 
elevation.  Maximum water depth in the pond is currently approximately four feet, with 
average depths of just over two feet.  A small island is located in the southeast quadrant 
of the pond.  Artificial tree stumps with roots have also been placed in this quadrant and 
in the north end of the pond to provide basking opportunities for wildlife (Photo 1).  
Walkways on the eastern and western side of the pond (Cover Photo and Photo 2) 
provide pond vantage points and a dock on the Blue Hills Pond provides further access.  
Figure 2 shows an aerial photo of the pond and vicinity.   
 
The pond has one natural inlet, a feeding stream (not shown on USGS mapping) which 
enters the pond near the island in the southeast quadrant.  A large sediment delta 
consisting primarily of coarse sand, gravel, and cobbles was noted at the inlet (Photo 3).  
Further out from this delta, significant deposits of lighter and finer sediments were noted.  
An eddy current at the outlet caused by the delta and island location also appears to focus 
lighter woody debris in the southeasterly corner of the pond (Photo 4).   
 
Blue Hills Pond also receives discharges from the outdoor live animal exhibits.  
Discharges from the otter pool and turtle habitat currently contribute to the pond via a 
piped connection and outfall near the watercourse inlet, while water from the other cages 
discharges via a pipe to the inlet stream near the hawk cage.  Other obvious sources of 
animal waste to the pond include Canadian Geese, which were observed during field 
investigations, along the southeast shore of the pond.  Goose fecal matter was observed 
both in the pond in this area, as well as along the shoreline.   
 
The unnamed intermittent watercourse contributing to Blue Hills Pond branches into two 
separate channels about 100 feet upgradient of the inlet, with the primary channel 
continuing upgradient in an easterly direction.  The smaller channel passes to the south 
around the eastern edge of the formal pathway network that encompasses the animal 
exhibits, and then dissipates. The more defined of the two channels passes through a twin 
box culvert along a fenceline (Photo 5).  From this point upstream, the streambed is steep, 
incised deeply into the surrounding topography in several locations (Photo 6).   
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Figure 1. Locus Map. 
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Figure 2. Aerial Photo. 
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The channel extends through a culvert under the Observatory access road and becomes 
less defined, traveling along a trail and heading toward its origin point, a groundwater 
seep along the hill. 
 
With the exception of the access road and the immediate vicinity of the pond, the channel 
passes through fairly stable, undeveloped, forested areas. The watershed is glacial till 
formation with numerous boulders and areas of exposed bedrock. Some areas with steep 
slopes or less stable soils were noted, particularly in the upper reaches of the watershed 
near the access road.  The steepness of the watershed makes it more likely to have 
sediments mobilize due to higher flow velocities which have the power to move soil 
particles and gravel.  Primary paths for mobilization of sediment appear to be related to 
trails or other concentrated overland flow paths.    
 
Blue Hills Pond outlets to a small stone lined channel at the northeast end of the pond, 
flowing under a pedestrian footbridge and walkway.  A short section of channel is then 
reinforced by uneven blocks of granite curbstone, which appears to have been placed in 
response to erosion near the walkway.  An earthen, unreinforced channel continues to the 
north, along the east side of the parking lot, passing through a partially obstructed culvert 
at the trailhead off the parking lot (Photos 7-9).  The obstructed culvert has caused water 
to pool behind it and has resulted in erosion and the scouring of a wider channel in this 
area.   
 
Northeast of the parking lot, the watercourse discharges to an in-stream sedimentation 
area (Photo 10).  This area consists of a large delta of granular sediment, with pockets of 
lower topography adjacent that pool and then pass water from the intermittent unnamed 
watercourse.  Average standing water depths observed in these pockets were noted to be 
0.5 to 1.0 feet, with a maximum depth of 1.7 feet noted in one area during the May 2006 
site visit.  This sediment trap area has another inlet, which accepts flow from other 
portions of the hill, including an occasional discharge from an upgradient water tower via 
a system of culverts, ditches, and overland flow.  This sedimentation area discharges via 
a small watercourse with a broad-crested weir and constructed channel with stone slab 
walls.  The watercourse continues and crosses under Route 138 off property.  A small 
eroded drainage swale which receives discharges from parking lot drainage discharges 
north of the parking lot, flowing to a confluence with the unnamed intermittent stream 
channel before crossing under Route 138.   

2.1.2 Wetland Resource Areas and Habitat 
 
The pond and stream, both upgradient and downgradient of the pond constitute regulated 
wetland resources as per the MA Wetlands Protection Act (310 CMR 10.00).  Within the 
study area, the regulated wetland resources included: 
 

1. Land Under Water (LUW); 
2. Bank; 
3. Bordering Vegetated Wetland (BVW). 
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However, only the first two resource areas occur within the developed portion of the 
grounds of the Blue Hills Trailside Museum and Interpretative Center.  Each of these 
regulated resources is discussed below along with their principal functional values and 
features. 
 
Land Under Water:  As per the MA WPA regulations, Blue Hills Pond, with a pool size 
greater than 10,000 square feet, meets the definition of a regulated pond and constitutes 
Land Under Water.   
 

310 CMR 10.04  Pond (inland) means any open body of fresh water with a 
surface area observed or recorded within the last ten years of at least 10,000 
square feet. Ponds may be either naturally occurring or man-made by 
impoundment, excavation, or otherwise. Notwithstanding the above, the following 
man-made bodies of open water shall not be considered ponds: 

(b) swimming pools or other impervious man-made basins;  
 
However, the limitation on man-made impervious bodies of open water does call the 
applicability of this definition into question.  However, with the thin layer of accumulated 
natural bottom sediments, there is no question that the pond functions within the intent of 
the regulatory definition.  The regulatory resource associated with a pond is Land Under 
Water.  As per 310 CMR 10.56,  
   

(a) Land Under Water Bodies and Waterways is the land beneath any creek, 
river, stream, pond or lake. Said land may be composed of organic muck or peat, 
fine sediments, rocks or bedrock. 
 (c) The boundary of Land Under Water Bodies and Waterways is the mean 
annual low water level. 

 
With a size of about 20,000 sf, the pond provides permanent shallow aquatic habitat.  
Despite the artificial asphalt bottom, the pond supports aquatic life including crayfish, 
numerous aquatic insects (e.g., caddis fly, water boatman), bull frog and green frog, and 
unidentified small fish (likely bluegill).   Mallard duck have been observed using the 
pond.  In addition to the aquatic habitat, the pond serves as a basin which captures eroded 
sediment and washed in leaf litter coming from the upgradient watershed.  Wash out from 
the animal exhibits is also processed through the small waterbody, allowing some 
opportunity for biological uptake and mediation of nutrients and fecal contaminants.   
 
Bank:  Regulated Bank resource is defined by 310 CMR 10.54 as  
 

(a)“….. the portion of the land surface which normally abuts and confines a 
water body.  It occurs between a water body and a vegetated bordering wetland 
and adjacent flood plain, or, in the absence of these, it occurs between a water 
body and an upland.  A Bank may be partially or totally vegetated, or it may be 
comprised of exposed soil, gravel or stone. 
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 (c) The upper boundary of a Bank is the first observable break in the slope or the 
mean annual flood level, whichever is lower. The lower boundary of a Bank is the 
mean annual low flow level. 

 
Based upon this regulatory definition, the shoreline of the pond is regulated as Bank 
resource.  There are no fringing wetlands surrounding the pond and therefore no 
Bordering Vegetated Wetlands.  The lower limit of the Bank is mean low water and the 
upper limit of the Bank is mean annual flood level (a.k.a. mean annual high water).  
Given the dam/weir controlled pond level, the upper and lower boundaries are nearly 
coterminous. 
 
The stream upgradient and downgradient of the pond is intermittent, and therefore does 
not have a location of mean low water.  In such circumstances, streams do not contain 
Land Under Water.  The portions of the stream within the developed areas of the 
Trailside Museum do not have fringing vegetated wetlands (BVW).  Therefore, in these 
areas, the only regulated resource is stream Bank.  However, there are small areas of 
BVW upgradient of the animal exhibits closer to the upper access roadway at the upper 
reaches of the stream.  Therefore, the regulated Bank resource extends downgradient 
from the upper-most BVW area.  Stream flow upgradient of the most upgradient BVW 
would not be regulated.   
 
It should be noted that the so-called “lower pond area” or “sedimentation area” within the 
stream channel is too small to be regulated as a pond and therefore does not contain Land 
Under Water.  As such, this area is regulated solely as Bank resource.  This definition of 
the resource will be a critical consideration if the area is to have sediment removed, since 
by definition, dredging is excavation of Land Under Water, and this regulatory resource 
is not present at this location.   
 
One of the principal functional values of Bank resource is for wildlife habitat.  The Bank 
along the pond and streams does provide such values to local wildlife, although the lower 
segment of the stream has been compromised by erosion of the banks associated with 
periodic high flows.   
 
Bordering Vegetated Wetland:  As previously discussed under the description of LUW, 
there is no BVW associated with the stream or pond within the area of the developed 
trailside museum and interpretive center.  However, there are small areas of BVW 
significantly upgradient of the animal exhibits in closer proximity to the upper access 
roadway.   
 
Rare Species Habitat:  For all of the wetland resources present, no protected State-listed 
rare wetlands wildlife or priority habitat was identified (Figure 3).  The Trailside 
Museum and interpretive facilities are not located within Priority or Estimated Habitat for 
rare species as identified by the MA Natural Heritage and Endangered Species Program. 







Blue Hills Pond Watershed Management Plan 13 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

Figure 3 – NHESP map 
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2.2 Watershed  

2.2.1 Watershed Description 
Based on a field review of the park from the pond to the upper regions of the hill near the 
Observatory, an estimated watershed boundary was delineated using aerial photography 
and USGS topographic maps as a base.  Potential issues areas such as sedimentation, 
erosion, nutrient sources, and invasive vegetation were noted if observed, so that they 
might be addressed in this Watershed Management Plan.  Figure 4 shows an estimated 
watershed map for the Blue Hills Pond and for the lower stream sedimentation area.   
 
The watershed to Blue Hills Pond is steep, covering approximately 27 acres from the 
pond uphill through forested areas toward the Weather Observatory.  Development within 
the watershed to the pond is sparse, including only the Trailside Museum, its surrounding 
paved areas, and animal habitat cages associated with the Trailside Center.  Otherwise, 
the watershed is undeveloped, except for a section of paved access road for the Weather 
Observatory.  Select watershed photos are shown in Photos 11-14.   
 
Caged animal habitat areas are located just east of the pond.  Current species on display 
during the site visits included turkey, owl, red-tailed hawk, and other bird species.  
Concrete pools habitats for river otter and turtles are also present.  The otter pool 
previously housed two adult otters; currently it only houses one juvenile river otter.  A 
fox habitat is also located adjacent to the pond; however, it is currently vacant with no 
immediate plans to re-open, according to Trailside Museum Staff.  Geese and ducks were 
noted along the edge of the pond, in a maintained area, although not caged.  A vending 
container for duck food was noted in the vicinity.  Generally, feeding of waterfowl is not 
encouraged, as it can attract larger numbers of waterfowl than an area would naturally 
support and can increase nutrient and bacterial loadings on the waterbody.  However, 
based on site observations, it does not appear to be an issue at Blue Hills Pond.  Wild 
turkey were also observed in the vicinity of the caged habitat areas.  Water bowls which 
flow on a regular basis were located in the cages, with overflow to the intermittent 
stream.  Water in the otter pool was also noted to be flowing at the time of the site visit, 
with overflow directly to the pond.   
 
The stream sedimentation area located downstream of Blue Hills Pond has a larger 
watershed (approximately 51 acres), which includes the overall watershed to Blue Hills 
Pond, as well as portions of the parking area north of the pond and more of the access 
road to the Observatory.  Again, however, the majority of the watershed is forested, 
steep, and rocky, with limited development and a few areas of evident erosion along trails 
and roadway areas.  A water tower is located within the watershed to this sediment trap 
area.  According to staff, this tank has discharged during tank purging exercises in the 
past, and eroded portions of the landscape were noted downgradient of the tank, as well 
as sediment deposits upgradient of the stream where the landscape levels out.  Several 
lengths of pipe and swale sections were noted downstream of the water tank during the 
site investigation.  The paved parking lot north of the pond also discharges stormwater to 
a swale and overland flow, discharging below the outlet of the sediment trapping area.   
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Figure 4. Watershed Map 
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2.2.2 Watershed Activities Review 
BEC personnel conducted site visits on March 14, May 4, and July 18, 2006 to review 
conditions at the pond and in the watershed, as well as to collect water quality and 
sediment samples.  BEC staff also met with representatives from MA DCR and Mass 
Audubon to discuss conditions in the pond and current issues.   
 
The main activity occurring in the watershed is recreational access by hikers and tour 
groups.  Maintained trails are located throughout the park, traversing both level and 
steeper areas of the watershed.  Development is focused close to the pond, in the form of 
nature trails, pond access and viewing stations, the Trailside Museum, restrooms, and the 
live animal exhibits discussed above.  There is also a picnic area located in the vicinity.  
Water to the site is provided by the Massachusetts Water Resources Authority (MWRA) 
and the municipal sewer system accepts wastewater from the site.   
 
Currently, discharges to the pond result on a regular basis from the operation of the live 
animal exhibits.  Flushing and cleaning operations at the turtle and otter pools were 
observed by BEC staff on July 18, 2006.  According to museum staff, each of these two 
pools is drained and pressure washed with clean water on a once weekly basis.  After 
washing, the tanks are refilled.  The turtle tank does not receive fresh water until the next 
week after this cleaning.  However, the otter pool receives fresh water twice daily for 
approximately an hour in the morning and an hour later in the afternoon.  This daily 
inflow also is directed to the water bowls in the caged exhibits, which are cleaned 
approximately monthly.  The source of water for these tanks and the animal exhibits is an 
onsite well.  Based on observations of activities, site conditions, and interviews with 
DCR staff, approximate inflow budgets from these activities were estimated, as discussed 
in Section 4 of this document.   

2.3 Problem Areas/Issues Observed 
During the field investigations and based on the results of the analytical sampling, several 
issues or potential problem areas were noted.  Problems range from those requiring 
engineered solutions and major capital improvements to smaller projects which could be 
completed as labor and funding become available.  The following paragraphs describe the 
noted deficiencies or issues observed within the pond and the watershed.  Figures 5 and 6 
present overviews of the features surrounding Blue Hills Pond and the downstream 
sedimentation basin, respectively.  These figures provide a general orientation for the 
existing features in the vicinity, as well as calling out the locations of potential problem 
areas (discussed in the following subsections).   

2.3.1 Pond Sedimentation 
As previously discussed, sedimentation is evident in the southeastern quadrant of the 
pond.  Materials observed to be present in the bottom sediment range from granular 
(sand, gravel, cobbles) to organic (sticks, leaves, branches) in composition.  Granular 
materials are more localized at the inlet to the pond, while lighter, more organic and fine 
materials are more dispersed.  Overall, the pond sediment appeared highly organic in the 
southeast quadrant, composed mostly of leaf litter and sticks/branches.   
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Figure 5.  
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Figure 6 
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The lack of significant development within the watershed to the pond suggests that 
natural erosive processes in the watershed are the primary sediment source.  However, 
some of the gravel material appeared to be of the same nature as the gravel walkway 
material spread on the interpretive trails that travel through the animal exhibits.   
 
The aforementioned materials have reduced the depth of the pond in these areas and at 
some points extend above the normal water level of the pond (Photos 3 & 4).  The 
buildup of soft sediments in the pond also provides a nutrient rich substrate, which can 
accelerate the growth of algae and aquatic plants.  Over time, this can degrade conditions 
within the waterbody, increasing algal blooms and contributing to eutrophic conditions.  
The combined effect of the loss of water depth loss and the increase in nutrients can also 
effect a change in the environment where pond depths are significantly reduced to less 
than a foot, from an open water (LUW) area to more of a heavily vegetated wetland or 
marsh (BVW).  In order to continue to serve its purpose as an aesthetic, educational, and 
recreational feature, the excessive sediment must be removed to restore water depth.  
 
According to available records and agency staff, the pond has been dredged at least twice 
since its construction, once in the 1970s and again in 1997.  The 1997 dredge was the last 
one completed at the pond.  Therefore, the accumulated sediment observed in the pond is 
the product of a gradual buildup over the past nine years.  With each influent storm or 
inflow event from park activities, sediment is carried and deposited in the pond, a process 
that occurs naturally, but is sometimes accelerated in areas with steep slopes, unstable 
soils, or development.  During higher flow events, sediment may be resuspended and 
carried by the outflowing stream. 

2.3.2 Invasive Species 
The immediate pond and stream environment has little wetland vegetation and therefore 
has little problem with invasive wetland species.  However, a limited amount of purple 
loosestrife (Lythrum salicaria) was noted, along the shoreline edges, primarily on the 
west and north sides of the pond.  It is likely that this small amount of invasive 
herbaceous growth can be easily managed. 

2.3.3 Habitat/Tank Cleaning and Flushing 
As discussed in Section 2.2.2, the otter and turtle tanks are flushed and cleaned weekly.  
This activity was observed by BEC on the July site visit and water samples were taken to 
characterize the discharges into the pond from the tank outfall (Photos 15 and 16).  
Discharges appeared fairly clear, but had a very strong fishy odor.  Samples were 
analyzed for their potential impact on the pond.  The addition of high levels of nutrients 
and organics could potentially have a significant effect on water quality in the pond.  
Alternatives to the current discharge scenario would be advisable.  The discharge of this 
water could potentially constitute a wastewater and be subject to permitting at the federal 
level.   

2.3.4 Parking Lot Drainage 
The parking lot located north of the pond currently has limited drainage structures, some 
of which appear to not function, with catch basins not being located at the low points of 
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the pavement and possible structural problems with the discharge pipes.  An overland 
flow path from the northeast corner of the parking was observed during field 
investigations.  This flow path continued to the northwest, ultimately discharging to the 
stream immediately above Route 138, and downgradient of the in-stream sedimentation 
area.  The parking lot flow has begun to erode a channel, and evidence of sedimentation 
and erosion was apparent.  No controls are currently in place to handle this flow (Photos 
17 and 18).   

2.3.5 Obstructed Cross Culvert at Northern Parking Lot Trailhead 
As previously discussed, the cross culvert under the trailhead adjacent to the east side of 
the northern parking lot has been obstructed over time by debris, sediment, and organic 
matter.  As a result, the hydraulic capacity of the culvert has been diminished, reducing 
the flow which the culvert can pass.  This has resulted in backwatering behind the culvert 
which has caused bank erosion and could result in flooding during periods of high flow 
(Photos 7 and 8).   

2.3.6 Stream Section Immediately Downstream of Blue Hills Pond 
Immediately downstream of the Blue Hills Pond outlet, the stream is lined with 
fieldstone.  Near the restroom building at the chain link fence, below the footpath bridge, 
a limited area of bank has been stabilized with what appears to be leftover sections of 
granite curbstone (Photo 19).  This curbstone appears uneven and is potentially unstable 
in a few areas.  Also, it was observed that the stream section from the discharge point of 
Blue Hills Pond to the entry point to the stream sedimentation area downstream of the 
northern parking lot shows some signs of erosion from high flow events.  In a few 
locations, the bank has been undercut, exposing tree roots (Photo 20).  While it does not 
appear that major damage exists, this stream section has the potential to flood the 
adjacent parking area and trail crossing.   

2.3.7 Trail Erosion 
Areas of trail erosion and natural streambed and slope erosion were observed during field 
investigations, as would be expected based on the steep terrain in the watershed.  Erosion 
of trails should be monitored.  In particular, the area upstream of the cross culvert under 
the Observatory access road should be reviewed regularly (Photo 14).  Currently, flows 
travel overland above the access road, with some evidence of erosion.  Once flows travel 
under the road, they divert along an unpaved trail area.  Currently, this area is situated on 
the divide of the watershed based on topography.  Any erosion changes in this area could 
potentially alter the divide, resulting in more flow and sediment being directed to the 
pond.   
 
Closer to the pond, several trails in the vicinity of the Museum building have been 
surfaced with peastone, which in some areas is mobilizing and being discharged to the 
pond.  A large pile of peastone was noted along one trail during the second field 
investigation.  Timber and other materials have also been used to create “waterbars” 
across the trail to direct flows.  Some of these waterbars are in need of reinforcement or 
repair.   
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3 Data Collection and Analysis 

3.1 Pond Bathymetry 

3.1.1 Methodology 
As part of this investigation, the bathymetry of Blue Hills Pond and the stream 
sedimentation area was estimated.  BEC personnel conducted an in-pond investigation in 
May of 2006.  Water depth and sediment measurements were obtained from a boat along 
regular intervals across the entire pond.  Similar measurements were taken for the lower 
ponded area on foot using hip waders and pinpointing key areas.   
 
At each measurement station, the existing pond water depths were measured by lowering 
an eight-pound mushroom anchor on a line graduated with markings at one-foot intervals 
from the boat and allowing it to “free-fall” from the water surface until it settled on top of 
the sediments forming the existing pond bottom.  The depth from the water surface to the 
top of the soft sediment was then recorded.  The “hard bottom” (in this case asphalt) of 
the pond was determined by pushing a galvanized steel rod, also graduated with markings 
at one-foot intervals, through the soft sediment to the “hard bottom” refusal.  The depth 
from the water surface to the bottom of the soft sediment was then recorded.  This 
method provides accuracy sufficient for characterization of sediment deposition and 
computation of quantity estimates.   

3.1.2 Water and Sediment Depths 
All probing and depth soundings data were recorded in the field relative to the water 
surface elevation and were later reduced in the office to arrive at water depths for each 
observation of top of sediment surface and hard bottom surface.  Existing pond contours 
at one-foot intervals were subsequently developed within the pond area and the 
downstream area and are depicted in Figures 7 and 8.  As determined by the probings, the 
maximum water depth in Blue Hills Pond is about four feet, with a mean depth over the 
0.45 acre pond of approximately 2 feet.  The total existing water volume of the pond was 
determined to be approximately 1,400 cubic yards (cy) as of May 4, 2006.    
 
Similarly, approximate contours for the asphalt bottom of the pond and the natural soil 
bottom of the lower stream sedimentation area were also developed at one-foot contour 
intervals and are presented in Figures 9 and 10.  The contours are useful for calculating 
the lower limit of a potential sediment removal program and estimating sediment 
volumes.  Figures 11 through 15 show cross sections of the pond and the depth profiles of 
soft and hard bottoms.   

3.1.3 Water and Sediment Volumes 
Based upon the sediment probing data, the total existing soft sediment volume above the 
asphalt bottom within Blue Hills Pond is approximately 250 cy.  Much of the sediment is 
focused on the southeast quadrant of the pond near the watercourse and piped inlet, as 
would be expected, since the coarser, heavier material settles in this area.   
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Figure 7 
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Figure 8 
 



Blue Hills Pond Watershed Management Plan 29 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

Figur e9 
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Figure 10 
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Figure 11 
 



Blue Hills Pond Watershed Management Plan 32 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

Figure 12 
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Figure 13 
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Figure 14 



Blue Hills Pond Watershed Management Plan 35 
Blue Hills Reservation, Milton, MA  BEC, Inc. 

Figure 15 
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Flows entering the pond laden with either sediment or debris would become slower as 
they contact the still water of the pond environment.  This loss of velocity results in a 
flow that is less able to keep debris and sediment in suspension.  Larger, heavier particles 
(such as cobbles, sand, and gravel) would settle out quickly, creating the observed deltaic 
pattern, while lighter sediments could be carried farther before dropping out and settling.  
Smaller amounts of soft sediment are located in other areas of the pond as well, providing 
for habitat for crayfish and other bottom dwelling creatures.  Due to this pattern of 
deposition, the only area which has problematic sediment accumulation, with significant 
loss of water depth, is within this southeastern quadrant.  This suggests that a dredging 
program could be focused in one area to achieve the most benefit for the pond while 
causing the least disturbance to the other pond environment.   
 
The downstream in-stream sedimentation area has an approximate water volume of 13 
cy, as measured May 4, 2006.  The volume of soft sediment in the basin was estimated at 
approximately 50 cy.  Sediment deposition patterns were similar to those observed in the 
pond, with deltaic areas near the basin entrance and a gradual transition between coarser 
and finer sediments.  This area had less pronounced quantities of sticks and leaves within 
the soft sediment matrix than observed in the pond.   

3.2 Water and Sediment Sampling  

3.2.1 Protocol/Methodology  
Water and sediment samples were collected on July 18, 2006 from Blue Hills Pond and 
the in-stream sedimentation area.  Samplers wore nitrile gloves for personal protection 
and to prevent sample contamination.  All field sampling equipment was decontaminated 
prior to use and between samples, as appropriate.  EPA sampling protocol were used as a 
guideline for collection procedures for all samples.   
 
Water and sediment samples were sent to Spectrum Analytical of Agawam, 
Massachusetts, a State certified laboratory.  Spectrum provided preserved sample 
containers for all samples.  After collection, samples were immediately placed in a 
dedicated cooler with ice and maintained at 4°C until delivery to the laboratory.  Proper 
holding times and chain of custody procedures were followed.   
 
Raw analytical data and a chain of custody form are included as Appendix A.  Results of 
the analysis are presented below. 
 
Water Quality Sampling:  The water quality sampling program designed for this 
investigation included the collection of samples from the pond and from a discharge pipe 
from the otter pool.  The inlet stream was dry at the time of the sampling site visit in July; 
as such, it was not sampled.  The otter pool discharge was taken during the time when the 
pool was being flushed.   
 
Water quality samples were analyzed for the following chemical parameters: 
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• Ammonia Nitrogen 
• Nitrate Nitrogen 
• Total Kjeldahl Nitrogen (TKN) 
• Orthophosphate 
• Total Phosphorus 
• Total Suspended Solids 

 
In addition, BEC personnel measured the following water quality parameters in the field 
on a separate aliquot of water: 
 

• Temperature and pH using an Oakton pHTestr™ 30 meter 
• Specific Conductance using a YSI Model 30 Conductivity Meter 
• Dissolved Oxygen using a YSI meter (in-pond) 

 
Two samples were taken, one in-pond and one from the otter pool draining (taken from 
the discharge pipe into the pond).  The in-pond sample was taken off the end of the dock, 
at a depth of approximately one foot.  The sample taken from the otter pool discharge 
was taken from the end of pipe and had a strong fishy odor.  The pond sample was also 
preserved in 1% glutaraldehyde and examined for phytoplankton.  The preserved water 
sample from July 18, 2006 was examined in a Palmer microscope counting slide, which 
examines a 0.1 ml sample.  The sample was counted, switching between 10x and 40x 
objectives.   
 
Results of the water quality sampling are discussed in the following subsections.   
 
Sediment Sampling:  One (1) composite sediment sample was obtained for each of the 
two impaired areas: the main pond and the downstream sediment trap.  For each of these 
samples, a series of cores were taken of the soft sediments, and aliquots of each mixed 
together to provide a composite sample.  Visual observations of the sediments collected 
for the two areas are as follows: 
 

• The sediments from the main pond appeared to consist mostly of organic debris 
such as leaves and twigs/tree branches.  Sediments from the delta area were more 
granular in nature, consisting of sands, gravels, and cobble.   

• Sediments from the trap area below the main pond were a mixture of soil, organic 
matter, and more granular particles (sand/gravel).  These sediments appeared to 
have a lower moisture content than those from the main pond, which is consistent 
with their location in a drier setting, versus the submerged sediments from the 
main pond.   

 
Sediment samples were analyzed for typical physical and chemical parameters, namely:   
 

• Extractable Petroleum Hydrocarbons (EPH) 
• Pesticides 
• Polychlorinated Biphenyls (PCBs) 
• Polycyclic Aromatic Hydrocarbons (PAHs) 
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• Metals (Copper, RCRA 8 Metals) 
• Grain Size/Hydrometer (measures of physical composition) 
• Total Solids 
• Total Volatile Solids 

3.2.2 Results of Water/Sediment Quality Sampling 
The results of the water and sediment quality sampling analyses are shown in Tables 1-5 
below.   
 
Water Quality Results:  
Table 1 shows the results 
of the water quality 
sampling for both the in-
pond sample and the 
discharge sample from the 
otter pool flushing, which 
was taken from the end of 
the discharge pipe, at the 
point where it discharges 
to the pond.  In Table 1, 
Sample SW-1 was the in-
pond sample and Sample 
SW-2 was the otter pool 
flushing discharge.   
 
Due to the inherent limitations of interpreting a water quality sample set for a single day, 
extrapolating conclusions on water quality is not entirely valid.  However, generally, the 
results were generally consistent with expectations for this pond, based upon prior reports 
of a challenged water quality, at least from an aesthetic viewpoint, including green 
coloration.  Secchi disk transparency depth was extremely shallow, indicating poor 
visibility, high primary productivity from phytoplankton, and eutrophic conditions in the 
pond.   
 
Nutrient concentrations were elevated in both samples.  High concentrations of nutrients 
stimulate algal productivity, which can cause algal blooms, oxygen depletion, and even 
fish kills.  During the July sampling event, most of the phosphorus was likely bound up in 
the phytoplankton, since none was detectable in the dissolved fraction (ortho-phoshorus).  
These levels of phosphorus are extremely high, suggesting hyper-eutrophic conditions.   
For comparison, in phosphorus limited lakes, generally <0.015 mg/l total phosphorus 
suggests oligotrophic lake conditions (low growth), whereas 0.015 – 0.03 mg/l suggests 
mesotrophic conditions.  Greater than 0.03 mg/l generally suggests eutrophic (high plant 
growth) conditions.  Therefore, based upon these limited results, the phosphorus values 
exceed desired levels by almost six-fold.  The nitrogen levels were somewhat low 
compared to phosphorus but still quite high in the organic form (measured as TKN). This 
high value is likely representative of inputs of urea from the aquatic animal exhibits.   
 

Table 1.  Water Quality Sampling Results. 
(July 18, 2006, 10 a.m.) 

  Sample ID 
Parameter Unit SW-1 SW-2 
Water Temperature  °C 26.9 22.2 
Dissolved Oxygen ppm 7.2  --- 
Specific Conductivity mS/cm 232 650 
pH std units 7.5 6.9 
Secchi Disk Depth inches 16  --- 
Total Phosphorus mg/l 0.172 0.427 
Orthophosphate as PO4 mg/l <0.02 0.07 
Ammonia - N mg/l <0.200 <0.200 
Total Kjeldahl Nitrogen (TKN) mg/l 1.47 1.40 
Nitrate - N mg/l <0.100 0.560 
Total Suspended Solids mg/l 29.0 30.0 
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The ratio of total nitrogen to total phosphorus compounds (total nitrogen = TKN + nitrate 
+ nitrite), indicate that nitrogen is in higher relative abundance than is phosphorus, but 
less so than in most New England lakes.  The ratio of nitrogen to phosphorus typically 
indicates if the primary productivity (i.e., plant growth) is more limited by nitrogen or by 
phosphorus.  If, for example, nitrogen is in greater abundance than phosphorus relative to 
minimum plant growth requirements, then phosphorus would be the “limiting nutrient”.  
Therefore, in a phosphorus limited lake, the addition of more nitrogen compounds would 
not enhance plant growth.  However, phosphorus additions would have a direct impact on 
additional plant growth.  The converse would be true for a nitrogen limited lake. 
Typically, in freshwater systems a N:P ratio greater than 16 indicates phosphorus 
limitation and a ratio less than 10 suggests nitrogen limitation.  Nitrogen-limited systems 
can result in blooms of nitrogen-fixing blue-green algae (cyanobacteria), which can cause 
nuisance problem.   The N:P ratio for Blue Hills Pond was observed to be significantly 
less than 10. This means that nitrogen is significantly less abundant relative to 
phosphorus compounds in relation to its ability to support plant growth. Therefore, the 
pond may be nitrogen limited, at least during this brief period of observation.   
 
 The water sample was also microscopically examined for phytoplankton and 
zooplankton.  Plankton are the microscopic, or near microscopic, plants and animals 
suspended or weakly swimming in the water column.  They are divided into 
Phytoplankton, or microscopic algae, and the Zooplankton (small animals feeding upon 
the phytoplankton).  These organisms are an important component of aquatic food webs, 
but may also impart detectable color and odor to lake water as well as a reduction in 
water clarity.  Given that no aquatic plants are present in Blue Hills Pond (except for 
some limited shoreline vegetation), all primary productivity in the waterbody is 
associated with phytoplankton growth.  The intense green color of the water, present 
during the water sampling, and reportedly characteristic of much of the summer time 
conditions of the pond except during strong rainfall events when wash-out can occur, 
suggest significant algae growth.   
 
The results of the 
phytoplankton counts are 
presented in Table 2.  
Based upon this analysis, 
the ongoing phyto-
plankton bloom was due to 
a single species of green 
algae (Chloro-phyceae), 
Chlorella, which forms in 
micro-colonies or cell 
associations of typically 8-
14 cells.  Other noted 
species, in far lesser 
abundance included six 
major algal divisions:   
 

Table 2.  Phytoplankton Analysis. 
(Sample:  July 18, 2006, 10 a.m.) 

  concentration/ml 

Species Group SpeciesUnit colonies/ml 
total 

cells/ml 
Chlorella 880 8700 

Chlamydomonas  10 
Chlorophyceae 

Scenedesmus  10 
Desmids Closterium  10 
Crytophyecease Cryptomonas  30 

Phacus  10 Eugelonphyceae 
Euglena  10 

Dinophyceae Peridinium  10 
Bacillariophyceae Cyclotella  10 

Totals 880 8800 
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euglenids (Euglenophyceae), diatoms (Bacillariophyceae), dinoflagellates (Pyrrophyta), 
desmids, golden-brown algae (Chrysophyceae), and cryptophytes (Cryptophyceae).  No 
blue-green algae were observed. 

Perhaps surprisingly, no zooplankton were able to be identified within the concentrated 
250 ml water sample.  This may not be representative of zooplankton populations at all 
times for the pond, and zooplankton may occur in greater abundance at different seasons 
and cycles. A net tow for zooplankton was not performed, and this technique may have 
revealed a lower level population.  Zooplankton species within small MA ponds are 
likely to include Cladocerans (e.g., Daphnia), rotifers and calanoid copepods.  The lack 
of abundance of zooplankton indicates that there is a lack of predators of phytoplankton 
that might otherwise help to control the phytoplankton bloom conditions in evidence.  
Given the very short residence time of water within the pond (once per week on average 
– see Section 4) and the longer reproduction times of zooplankton in comparison to 
phytoplankton, a viable and continuous zooplankton population in this small pond 
sufficient to control phytoplankton growth may not be possible.   

Sediment Analysis Results:  Tables 3 through 5 below show the results of the sediment 
sample analysis completed for this investigation.  The tables are divided such that each 
represents a specific type of analysis.  Sample S-1 was the composited sediment sample 
from Blue Hills Pond, while Sample S-2 was the composited sample from the 
sedimentation area.  The use of a less than (<) sign followed by a number value in these 
matrices indicates that the laboratory reported that the result was below the detection 
limit for that parameter in the sample.  The number listed is the minimum detection limit 
cited by the laboratory for that test.  For example, in Table 4, the value for Silver for 
Sample S-1 is listed as <2.80mg/kg dry weight.  This indicates that the detection limit for 
the analytical method in this sample was 2.80mg/kg dry weight and that the actual value 
for that sample for Silver was between 0-2.79mg/kg dry weight.    
 
For each set of parameters, the analytical values for the site samples were compared to 
MA DEP (2002) published typical background values for parameter levels in residential 
soil, as well as the MA DEP (1997) criteria for reuse of soils in unlined landfills.  Dashed 
lines where a value for a parameter should be indicates that there is no applicable value 
for this MA DEP policy.  These guidelines are valuable comparison points to help 
determine the potential disposal setting for any material to be dredged from either the 
pond or the downstream area.   
 
Analytical test 
results confirm the 
visual observations 
during sampling, 
which suggested 
that the sample from 
the downstream 
basin had a lower 
moisture content and was more granular with less organic matter.  Table 3 above shows 
that the percent solids was higher for the downstream basin sample, indicating a lower 

Table 3.  Sediment Sampling Results - Physical Parameters. 
  Sample ID 

Physical 
Parameters Unit S-1 S-2 

MA DEP 
Identified 

Background 
Levels in Soil 

MA DEP Reuse 
Criteria for 

Unlined 
Landfills 

% Solids % 35.3 49.3 -- -- 
Total Volatile 
Solids % 24.0 9.20  --  -- 
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moisture content for that sample.  The lower total volatile solids measurement for this 
sample also 
confirms that the 
sample contained 
less volatiles (in 
this case, organic 
matter), than the 
pond sample.  
This suggests 
that the pond is 
acting as an 
effective trap for 
organic materials 
from the 
watershed 
(leaves, twigs, 
etc.).  The lower 
basin appears to be a slightly higher energy setting and may be passing more of those 
materials along, trapping only heavier materials, such as sands and gravel.   
 
A grain size analysis was also conducted to classify the sediment.  According to the 
results of the grain size analysis, the sediments in the pond and sedimentation area would 
be categorized primarily as sands with significant organic materials in the matrix.   
 
The values for the metals detected in this analysis (listed in Table 4) were at or below 
both those identified as background levels in residential soils and the criteria for reuse at 
unlined landfills, as per MA DEP. 
 
The measured values for both the EPH ranges and the target PAHs in Table 5 were all 
below the background levels identified by MA DEP for residential soils and the TPH 
value was below that listed by MA DEP as the threshold value for reuse at unlined 
landfills.  As such, no issue is foreseen based on these results.  Similarly, the results for 
the analyzed pesticides, PCBs, and PAHs were below detection limits.  Results are shown 
in Appendix A.   
 
Based on the results of the analyses and on the setting of the pond and sedimentation area 
within the reservation with limited anthropogenic influence, restrictions on ultimate 
disposal of dredged sediments are expected to be minimal.   

Table 4.  Sediment Sampling Results - Total Metals. 
      
  Sample ID 

Total 
Metals Unit S-1 S-2 

MA DEP 
Identified 

Background 
Levels in Soil 

MA DEP 
Reuse 

Criteria for 
Unlined 
Landfills 

Silver mg/kg dry <2.80 <1.96 0.6  --- 
Arsenic mg/kg dry 5.76 7.29 20 40 
Barium mg/kg dry 22.8 21.5 50  --- 
Cadmium mg/kg dry <0.700 <0.491 2 30 
Chromium mg/kg dry 1.79 6.45 30 1,000 
Copper mg/kg dry 41.4 19.0 40  --- 
Lead mg/kg dry 36.9 58.1 100 1,000 
Selenium mg/kg dry <4.20 <2.95 0.5  --- 
Mercury mg/kg dry <0.137 <0.0991 0.3 10 
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Table 5.  Sediment Sampling Results –  
Extractable Petroleum Hydrocarbons (EPH). 

  Sample ID 

EPH Aliphatic/Aromatic 
Ranges Unit S-1 S-2 

MA DEP 
Identified 

Background 
Levels in Soil 

MA DEP 
Reuse Criteria 

for Unlined 
Landfills 

C9-C18 Aliphatic 
Hydrocarbons mg/kg dry <92.1 <60.0  ---  --- 
C19-C36 Aliphatic 
Hydrocarbons mg/kg dry <92.1 <60.0  ---  --- 
C11-C22 Aromatic 
Hydrocarbons mg/kg dry <92.1 <60.0  ---  --- 
Unadjusted C11-C22 Aromatic 
Hydrocarbons mg/kg dry <92.1 <60.0  ---  --- 
Total Petroleum Hydrocarbons mg/kg dry <92.1 <60.0  --- 2,500 
Unadjusted Total Petroleum 
Hydrocarbons mg/kg dry <92.1 <60.0  ---  --- 
EPH Target PAH Analytes      
Naphthalene mg/kg dry <459 <299 500  --- 
2-Methylnaphthalene mg/kg dry <459 <299 500  --- 
Acenaphthylene mg/kg dry <459 <299 500  --- 
Acenaphthene mg/kg dry <459 <299 500  --- 
Fluorene mg/kg dry <459 <299 1000  --- 
Phenanthrene mg/kg dry <459 <299 3000  --- 
Anthracene mg/kg dry <459 <299  ---  --- 
Fluoranthene mg/kg dry <459 <299 4000  --- 
Pyrene mg/kg dry <459 <299 4000  --- 
Benzo(a)anthracene mg/kg dry <459 <299 2000  --- 
Chrysene mg/kg dry <459 <299 2000  --- 
Benzo(b)fluoranthene mg/kg dry <459 <299 2000  --- 
Benzo(k)fluoranthene mg/kg dry <459 <299 1000  --- 
Benzo(a)pyrene mg/kg dry <459 <299 2000  --- 
Indeno(1,2,3-c-d)pyrene mg/kg dry <459 <299 1000  --- 
Dibenzo(a,h)anthracene mg/kg dry <459 <299 500  --- 
Benzo(g,h,i)perylene mg/kg dry <459 <299 1000  --- 
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4 Flow and Loading Estimates 

4.1 Flow Estimates 

4.1.1 Natural Watershed 
Based on the size of the watershed and its location, a generalized average annual runoff 
figure for the pond and its surrounding watershed was estimated.  A similar calculation 
was completed for the watershed to the instream sedimentation area.  Calculations are 
shown in Appendix B. 
 
For each watershed, a nomograph showing average annual runoff for areas in New 
England was consulted (Knox and Nordenson (USGS), 1955).  According to the 
nomograph, the site has an estimated average annual runoff of 21.5 inches/year.  Applied 
over the watershed to each of the areas of interest leads to the estimation of an annual 
discharge of: 
 

• 2,092,000 cubic ft (15.6 million gallons) for Blue Hills Pond watershed 
• 3,965,000 cubic ft (29.7 million gallons) for the lower watershed 

 
Using the existing pond water volume estimate of 37,800 cubic feet (283,000 gal) based 
on the bathymetric study, an average turnover rate for the pond can be estimated at 
approximately once a week.   

4.1.2 Watershed Activity Related Inflows 
According to MassAudubon staff, the water in the otter pool covers an area of 
approximately 24 ft x 16 ft, with a depth of 4 ft deep, while the water in the turtle pool 
covers an area approximately 16 ft in diameter which is 14 inches deep.  The turtle pool 
has an island area in the center and the otter habitat has a dry land area on the east side, 
both of which were accounted for in tank volume estimation.  These tank dimensions 
would account for the following approximate volumes of standing water which would be 
drained during the weekly tank cleaning: 
 

• 200 cubic feet (1,500 gallons) for the turtle pool 
• 800 cubic feet (5,980 gallons) for the otter pool 

 
Pressure washing also discharges a significant quantity of water to the pond.  Assuming 
an average pressure wash water discharge rate of approximately 2.5 gal/min (based on a 
literature review of similar size units) and an average cleaning duration of approximately 
1 hour, this would account for approximately 150 gallons of wash water entering the 
pond during the weekly tank cleaning.   
 
Finally, the twice daily addition of fresh water to the otter pool and animal water bowls 
contributes flows to the pond.  Site observations estimated inflow at 2gpm.  Assuming 
that the otter pool is fed for two hours daily at a rate of approximately 2 gpm, this would 
account for a daily volume of 240 gallons and a weekly volume of approximately 1680 
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gallons, assuming all inflows of fresh water resulted in an equivalent discharge of 
standing water from the pool.   
 
The flushing and cleaning operations are primarily stopped during winter months.  
According to MassAudubon staff, the tanks are cleaned once to twice during the winter 
months and if the weather stays above freezing for a significant period of time.   
 
The following is an approximation of quantities of flow related to the animal habitats 
which are discharged to the pond on a weekly basis (seasonally, as discussed above) 
 

• 7,500 gallons of water from the pools during tank flushing; 
• 150 gallons of wash water from the power washing; and 
• 1,680 gallons of overflow water from daily freshwater feeds to the otter pool. 

 
Assuming that the tanks are washed approximately 8 months out of the year and that the 
daily flushing occurs year-round would lead to an estimate for approximately 34 weeks 
of flushing and cleaning and 51 weeks of the daily inflow, resulting in an estimated 
annual inflow from animal related activities of approximately 345,800 gallons (1,712 
CY).  This volume of water constitutes only about 2% of the annual inflow to the pond.  
However, the timing of its delivery should also be considered.  The flushing and cleaning 
contributes approximately 7,650 gallons of water to the pond within a time span of less 
than four hours.  This quantity of water accounts for approximately 3% of the pond 
volume.   

4.2 Sediment and Nutrient Loading Estimates 
The estimation of sediment and nutrient contributions from the watershed to Blue Hills 
Pond and the downstream area was performed by using the MassGIS Watershed Analyst 
Tool, specifically the Watershed Management Model.  This model assigns export 
coefficients to each of the designated land uses, multiplying each land use area by the 
appropriate export coefficient (or loading factor) to generate pollutant loading estimates.  
Export coefficients used in the model were developed by the Massachusetts Department 
of Environmental Protection (MA DEP) based on research and established literature 
values.  Through the application of the MassGIS model, total suspended solids (TSS), 
total nitrogen (TN), and total phosphorus (TP) loading budgets were estimated on an 
annual basis for delivery to the pond from the watershed.   
 
These budgets are only meant to be an estimate, as export coefficients are based on 
several characteristics of land use ad not on site specific conditions.  As such, loading 
estimates may vary widely from actual loadings observed within the watershed.  
However, in the absence of long-term site data, these models can provide the user with 
“order of magnitude” estimates of the quantities of sediment and nutrients to be expected.  
In the case of Blue Hills Pond, past dredging records can also provide limited information 
relative to infill rates.   
 
Nutrient levels within a pond, primarily nitrogen and phosphorus, have a direct impact on 
the growth of plants and algae in that waterbody, affecting what is known as the trophic 
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status.  Nutrient constructions to any pond typically fall into two major categories: in-
pond sources, and watershed sources.  In-pond sources include a diverse variety of 
nutrient origin, including precipitation, waterfowl feces, release of nutrients from 
sediments (due to aquatic macrophytes and seasonal anoxia), and other less typical 
sources.   
 
Watershed sources can also have a pronounced effect on the water quality of the pond.  
Sediments and nutrients can be transported in stormwater runoff and baseflow 
contributions from the watershed.  Finally, in steep watersheds such as these, sediment 
may be delivered as bed load, moving from the upper to lower reaches of the watershed, 
as part of natural erosion processes.   
 
The MassGIS estimated annual mass loadings of TSS, TN, and TP from the watershed to 
the pond are shown below in Table 6.  Spreadsheets showing the loading coefficients 
used in the analysis and the various land use areas within each watershed are included in 
Appendix B.  It must be emphasized that the values shown are gross estimates only and 
are not intended to be 
used on an absolute scale.  
The values do not 
consider direct inputs 
from waterfowl/animal 
wastes or from septic 
systems (not applicable to 
this watershed).  They 
may also underestimate 
contributions from severe 
events or areas with 
highly erosive soils or 
steep slopes.  Conversely, 
in many cases these values are overestimates, as they do not account for in-stream 
assimilation or Best Management Practices (BMPs).   
 
Based upon the single water quality sample for the outflow of the otter pool during 
cleaning, a likely worse-case loading from this source was computed by multiplying the 
annual amount of wash water (see hydrology section) by the concentration of TSS and 
nutrients in the sample.  This estimate suggests that the otter pool is not an insignificant 
portion of the nutrient loading to the pond, and could be especially problematic during 
summer months when loading from the watershed is reduced (i.e., low rainfall) and 
discharge from the pool is continuing.   
 
Applying an average sediment density of 80 lb/cf to the TSS estimate would yield a 
sediment inflow of approximately 25 cf/yr or 0.9 cy over a period of nine years (the time 
since the last dredging).  This value is significantly lower than the observed quantity of 
sediment in the pond.  As a practical matter the empirical measurement and estimate of 
annual sediment loading to the pond (i.e, dividing the measured accumulated sediment 
volume by the number of years (9) since the last dredging), yields an average annual 

Table 6.  Land Use Based Pollutant Loading Estimates. 
Watershed Blue Hills 

Pond 
Watershed

Otter 
Pool 

Lower 
Watershed 

Acreage (including pond) 
 

27 NA 51 
 

Loading Estimate - TSS 
(lbs/yr) 

1870 86.5 2940 
 

Loading Estimate – TN 
(lbs/yr) 

80 4.0 150 

Loading Estimate – TP 
(lbs/yr) 

7 1.2 10 
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sediment loading of 27.8 cy/yr, or about 30-fold greater than the watershed loading 
estimate. 
 
Several factors may contribute to this difference.  First, the steepness of the watershed 
would be likely to mobilize a larger than average quantity of sediment due to the high 
energy nature of the system.  Also, the sediments observed in the pond were highly 
organic, consisting mainly of leaf litter and twigs/branches, components which would not 
be accounted for in a TSS measurement.  As shown in Table 2, the sediments were only 
35% solids by weight, and much of the sediment was organic in nature and burned off 
during the volatile solids test.  These physical parameters are measured on a weight basis 
instead of a volume basis.  The density of the organics could be on the order of 30 lb/cf, 
rather than the overall sediment density of approximately 80 lb/cf.  All of these factors 
could account for the difference between the observed and modeled sediment load.   
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5 Recommended Pond and Watershed Management Plan and 
Cost Estimates 

Based on the field review of the watershed and pond, water and sediment quality 
sampling results, and observations regarding onsite activities and their impacts, 
recommendations for a Watershed Management Plan have been developed by BEC.  The 
following paragraphs describe proposed changes and improvements to address issues 
noted at the Blue Hills Pond and its contributing watershed.  Issues were primarily related 
to sedimentation within the pond, live animal exhibit discharges to the pond, site 
drainage, and limited areas of erosion.  It should be stated that much of the erosion and 
sedimentation noted was natural, related to the steep terrain in the watershed, although 
some of the pea-stone gravel clearly has its origin within the trails of the interpretive 
center.  But overall, the rate of natural sedimentation and erosion is unlikely to change 
significantly in the future.  Proposed improvements suggested in this Plan are primarily 
focused at addressing accumulated sediment, improving water quality, and at stabilizing 
areas that have been degraded.  For all of these proposed management measures and 
improvements, proper permits and approvals must be obtained in advance of any work 
onsite in resource areas.   

5.1 Proposed Improvements and/or Management Techniques 

5.1.1 Partial Dredging of Blue Hills Pond 
A partial dredging of Blue Hills Pond is recommended to remove sediment accumulated 
in the southeast quadrant of the pond, as sedimentation is most pronounced in this area.  
It has reduced water depths and has created an unaesthetic appearance to the pond.  More 
importantly, the sediment can act as both a nutrient sink and source, allowing for 
accelerated algae growth and a gradual decline in water quality within the pond.  
Dredging can lower in-lake nutrient concentrations by removing accumulated sediment, 
preventing the release of nutrients from the sediment under certain conditions.  Based on 
observed conditions, data regarding past dredging, and on knowledge of natural 
deposition processes which will likely continue at similar rates, dredging will need to be 
incorporated as a periodic maintenance task required for the pond and sedimentation area.   
 
Because sediment is primarily accumulating in the specified quadrant of the pond, only 
partial dredging is warranted at this time.  This heavy accumulation occurs in an area 
with a depth of up to 3 feet to the asphalt hard bottom.  A partial dredging operation 
would allow for removal of the majority of the sediment without the need to completely 
drain the pond, thereby minimizing the loss of the benthic fauna and thin organic 
sediments and crayfish habitat in the remainder of the pond.  A partial drawdown via 
pumping of the pond and diversion of inflow to drain the area which needs to be dredged, 
while retaining the remainder of the pond in a fairly natural condition.   
 
The partial dredging in the inflow quadrant with the heaviest accumulation could be 
designed to be less than 100 cy of dredging, thereby not triggering a 401 Water Quality 
Certificate and requiring only local Conservation Commission approval. 
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If desired, sediment could also be removed from the downstream stream sedimentation 
area, restoring its original constructed depth.  Based on the bathymetry, this would 
require removal of approximately 50 cy.  Because dredging is defined by regulation as 
the removal of Land Under Water, and the intermittent stream does not have LUW, but 
constitutes Bank only, this area of sediment removal would not add to the total volume of 
sediment to be dredged, and would not trigger a 401 Water Quality Certificate.   

5.1.2 Emergent Aquatic Vegetation Planting Area 
In conjunction with the dredging effort, an emergent aquatic vegetation planting bed 
could be created to augment wildlife habitat and nutrient uptake within the pond.  Blue 
Hills Pond suffers from a lack of aquatic plants which can provide a more diverse habitat 
and provide for nutrient uptake.  Aquatic plants remove nutrients from the water column 
either directly, or by encouraging deposition of fine sediments amidst the stems of the 
emergent plants, sequestering the nutrient laden particles within the sediments, further 
supporting the plant growth.  Signage could be placed on the trails near this created 
wetland resource enhancement area to educate museum patrons about the functions of 
wetlands and how this wetland enhancement area was constructed.  Signs identifying the 
wetland plantings and discussing pollutants which can be treated in the wetland could 
also be created.   
 
The logical location for creating an emergent aquatic bed would be in the southeast 
quadrant following the removal of accumulated sediment from this area, but far enough 
away from the areas of heaviest future potential accumulation to avoid impact from 
newly introduced sediments associated the stream bedload.  Nutrients introduced to the 
pond would be allowed to come into contact with the planting bed.  Sediments re-
accumulating in this area would need to be removed periodically to maintain and avoid 
damage to the planting bed area.  The new plantings would need to be protected for a 
period of time until well established to prevent the waterfowl from eating the newly 
planted plugs. 
 
Figures 16 & 17 show a conceptual sketch of a potential location for the berm and an 
associated cross section.  The submerged berm would be created out of gravel, with a 
filter-fabric lined planting area on the top of the berm.  The top of the berm would be 
placed about 6 inches below normal water level.  The planting soils would be sandy 
loams, with a soil depth of 6 to 12 inches.  Typical aquatic plants to be planted on the 
berm would are listed in Table 7, with estimated numbers for the planting area depicted 
in Figure 16.   
 

Table 7. Typical Plantings of Emergent Aquatic Plants on Submerged Berm. 
Common Name Species Name size quantity 

Burreed Sparganium americanum 2” plug 100 
Woolgrass Scirpus cyperinus 2” plug 100 
Hard-stem Bulrush Schoenoplectus acutus 2” plug 100 
Northern Arrowhead  Sagittaria latifolia 2” plug 100 
Pickerelweed Pontederia cordata 2” plug 100 
Blue Flag Iris Iris versicolor 2” plug 100 
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5.1.3 Management of Invasive Species 
As previously discussed, the immediate pond and stream environment has little wetland 
vegetation and therefore has little problem with invasive wetland species.  However, a 
limited amount of purple loosestrife (Lythrum salicaria) was noted, along the shoreline 
edges, primarily on the west and north sides of the pond.  It is likely that this small 
amount of invasive herbaceous growth can be easily managed.  This will be especially 
true if the aquatic vegetation planting berm is to be created.  Control of this species could 
readily be achieved by hand-pulling along the shoreline edge by trained personnel.  
Effective control might require several years, and re-introduction of the species will 
periodically occur, requiring vigilance.    Herbicide treatment with a glyphosate based 
herbicide is also possible.   
 
There may also be the possibility of installing an education exhibit on invasive species 
control focusing upon purple loosestrife and biological controls.  The beetle Galerucella 
(species calmariensis and pusilla) are two species of purple loosestrife feeding insects 
that have been imported and are being used throughout the U.S. to control this invasive 
species.  Adult beetles emerge in late spring and feed on the developed leaves of purple 
loosestrife, and they lay their eggs on or near the leaf surface. The larvae hatch in a few 
weeks and also will feed on the plant.  The feeding, if sufficient, reduces the ability of the 
plant to flower and spread.  While this biological control does not eliminate purple 
loosestrife, it will tend to put the plant into balance with other herbaceous species.   
 
 It is possible to set up a demonstration project at the museum in the raising of 
Galerucella beetles on the purple loosestrife to demonstrate biological control 
techniques.  This would involve the placement of a fine mesh bag around individual 
purple loosestrife plants and seeding the plants with the beetles.  Interpretative signage 
could be used to explain the exhibit.  The University of Connecticut is involved in a 
program to grow these beetles and sharing the methods to encourage others to do so 
(http://www.hort.uconn.edu/Ipm/general/biocntrl/homebeetles.htm). 

5.1.4 Discharges from Live Animal Exhibits 
Currently, water from the cleaning and flushing of the live animal habitat areas 
discharges directly to the pond and/or inlet stream without treatment.  Since these 
discharges are likely to contain pollutants in concentrations which could affect water 
quality in the pond, and because the discharges may require point source discharge 
permits for wastewater, it is recommended that discharges to the pond be discontinued.   
 
Several options exist to address this issue, although all options will require a capital 
improvement program at the facility.  Potential options include:  
 

1) rerouting the discharge to the municipal sewer system, or  
2) treating the discharges onsite with a septic system. 
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Figure 16 
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Figure 17 
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Rerouting the discharge would be the preferable alternative, as all bacteria and nutrients 
would be able to be treated properly offsite at a wastewater treatment plant.  Completing 
this option would require rerouting current piping to connect to the municipal sewer line 
on the property.  Potentially, the existing manhole in the vicinity could be used as a 
connection point, provided that both tanks are connected to the manhole.  Permits would 
be required to connect this discharge to the system and coordination with the local 
treatment plant would be necessary to determine if it could accept the flows and the 
current patterns of discharge (namely the weekly flushings of the otter and turtle tanks).  
If the treatment plant is unable to accept the current flushing/discharge schedule, 
consideration may need to be given to storing the volume of wastewater onsite and 
gradually metering out the flow over time to the treatment plant.   
 
If rerouting the discharge to the sewer system is not possible, a septic system could 
potentially be designed to handle these discharges.   
 
For any option, a thorough investigation of proper permits and applicable regulations 
would be required.   

5.1.5 Parking Lot Drainage Improvements 
The lack of sufficient stormwater management in the northern parking area has led to an 
eroded flowpath north of the lot, as shown in Photos 17 and 18.  For aesthetic reasons and 
to prevent further erosion in this area which could eventually cause safety concerns or 
impact the walking trail in the vicinity, the existing lack of stormwater management must 
be addressed.  Many options exist to address these discharges.  A survey plan of the area 
would be required in order to determine the feasibility of these engineering options, as 
topography and slopes would dictate the preferred option. 
 
First, deep sump catch basins could be added to the parking lot.  At least one would be 
constructed in the vicinity of the runoff problem at the north end of the lot.  This basin 
would discharge to the stream area, but would first provide stormwater treatment by 
retaining sediment, which in turn can reduce pollutants entering the stream, as many 
pollutants adsorb strongly to sediment.   
 
As an alternative, a small basin could be constructed with an engineered channel 
connecting to the intermittent stream downstream of the sedimentation area.  This would 
mimic current conditions but provide a stabilized control on the erosion issue.   
 
Of these two options, the first would provide fewer disturbances to the forested area 
between the road and the basin.   

5.1.6 Cross Culvert Replacement with Pedestrian Bridge 
The existing cross culvert at the trailhead in the northern parking area is currently 
obstructed with debris and sediment, causing erosion and potentially flooding of the 
intermittent stream channel.  To restore this area, provide more capacity, and limit future 
erosion, removal of the cross culvert and replacement with a pedestrian footbridge is 
recommended.  Limited streambank stabilization in the immediate vicinity is also 
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suggested to restore the eroded banks upstream of the culvert.  If vehicle traffic needs to 
be able to traverse the proposed pedestrian bridge, this will need to be accounted for in 
the design process to plan for the expected loading conditions.   

5.1.7 Stream Section Downstream of Blue Hills Pond 
The stream section between Blue Hills Pond and the downstream sedimentation area has 
an eroded bank in some sections, which could be stabilized using bioengineering stream 
restoration techniques. Given the small size of the stream and growth of large trees along 
the stream side that would be desirable to maintain, there are a limited number of 
techniques that would be practical in this area, however.  Also, the granite curbstone 
placed in the stream bed just downstream of the pond appears to be haphazardly spaced, 
is out of character with the stream bed, and should be replaced with a more natural 
material while maintaining the ability to reduce the potential of scour around/under the 
sections, and also to improve the safety for park visitors.  The use of fieldstone, underlain 
by filter fabric could provide good erosion protection while maintaining a natural 
appearance.  A less hardened bioengineering approach may be possible but the apparent 
episodically high flows within this stream channel require the utilization of hardened 
structures including the placement of stone and rock rolls.  However, in selected locations 
planted coir rolls and additional bank plantings could help to stabilize the stream edges.  
Exposed root cavities could be stabilized by infilling with natural stone, and strategic 
placement of boulders and edging stone could help stabilize vulnerable locations of the 
stream.  Some limited stream stabilization efforts could be undertaken on an as-needed 
basis, with work completed by MassAudubon or DCR staff.  Interpretive trailside signage 
could accompany the stream bank stabilization efforts.   

5.1.8 Trail Erosion 
Some evidence of trail erosion was observed during site investigations.  In particular, the 
presence of pea-stone along the trails closest to the pond was noted as a potential issue. 
Consideration should be given to using a different surfacing material or to paving these 
high traffic areas in the vicinity of the animal exhibits.  Water bars in place along these 
areas currently serve to dissipate velocities and remove flows from the trail, which can 
help ease erosion.  These areas should be maintained and locally enhanced.  The eastern-
most trail, adjacent to the stream side channel appears to be the largest source of gravel 
loss from the trails.  The excavation of sediment sumps into the stream channel could 
enhance upgradient removal of the gravel prior to its contribution to the stream bedload 
reaching the pond.  If new erosion areas are noted, further stabilization should be 
considered, either through the construction of new timber waterbars, trench drains, or use 
of different types of surfaces.   
 
In the upper reaches of the watershed, some limited erosion was noted along trails as 
well.  One example is near the intersection of the observatory access road and an 
unpaved/dirt trail near the top of the watershed.  At this location, the trail upgradient of 
the access road is actually the beginnings of the concentrated flow path that becomes the 
intermittent stream, contributing to the pond.  A groundwater seep in this area is the 
primary source of flow.  Rocks and roots are exposed on this trail section, with evidence 
of soil erosion around these features.  This area should be monitored.  Waterbars or other 
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stabilization methods could be pursued if conditions appear to be worsening.  On the 
downgradient side of the access road, some erosion of the soil surface of the trails was 
noted.  Again, waterbars, the use of logs, or some reshaping/regrading of the trail surface 
may be a prudent step to reduce potential erosion.  This area is on the edge of the 
watershed, but any contributions not directed toward the pond are directed toward the 
downstream basin, which also warrants protection.   

5.2 Construction Cost Estimates 
 
The following conceptual estimates of construction costs have been developed for the 
recommendations noted above (Table 8).  The costs shown herein are based on a limited 
investigation and are provided for general information only.  This should not be 
considered an engineer’s estimate, as actual construction costs may vary considerably.  In 
addition, tasks which could be completed as maintenance activities by staff onsite or 
activities that could involve highly variable tasks have not been assessed in this cost 
estimate.  It is anticipated that tasks such as streambank stabilization, invasive species 
management, and addressing trail erosion could be addressed relatively inexpensively 
using in-house labor to the maximum extent possible.  However, design and permitting 
costs would still precede the implementation of these measures. 

 
1Assumes Local Wetland Permitting only, under MA Wetlands Protection Act, and utilization of plans developed under 
this project, and all 3 work tasks combined under single application.  Separate permit applications for any individual 
item would be about $10,000.  Application fees not included. 
2Assumes Separate Local Wetland Permitting only for buffer zone work.  Limited site design and limited 
survey assumed.  Costs for hook-up to MDC sewer not included.  Application fees not included. 
3Assumes a Single Local Wetland Permit Application for all in-stream work.  Limited site survey assumed.  
Application fees not included. 
 
 

Table 8.  Proposed Improvements and Estimated Cost Ranges. 

Improvement Estimated Cost 
Range 

Design & 
Permitting  

Cost Estimate 
Partial Dredging of Blue Hills Pond (95 cy x $100/cy) $9,000-$15,000 
Sediment Removal from In-stream Sedimentation Area 
          (50 cy x $100/cy) 

$5,000-$7,000 

Emergent Aquatic Vegetation Planting Area $10,000– $20,000 

 
 

$18,0001 

 

Invasive Species Control/Interpretive Exhibit $1000 - $3000 

Rerouting Discharges from live Animal Exhibits 
          (Installing piped connection to sewer or septic system) 

$2,000-$20,000 

Parking Lot Drainage Improvement   (installation of deep 
sump catch basin or sediment basin with engineered channel) 

$4,000-$8,000 
 

 
$12,0002 

 

Culvert Removal and Pedestrian Bridge Construction 
         (Including limited streambank stabilization) 

$4,000-$7,000 

Extensive Stream Bank Stabilization  
(pond to highway; $10 - $100 / lf) 

$5000-$50,000 

 
$20,0003 
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Appendix A – Water and Sediment Sample Analytical Data 
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Appendix B – Watershed Loading Calculations 
 


